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Experimental  vaginal  toxoplasmosis in the mouse, and  the mechanism  by 
which toxoplasmosis is transmitted to the placentas and fetuses of animals in- 
fected by way of the vagina during pregnancy, have been the subject of other 
papers in this series  (1-3). It has been shown that specific lesions containing 
Toxoplasma appear in the placenta as a result of a maternal parasitemia. Para- 
sites enter the fetal circulation from such foci of placental infection and can be 
demonstrated in suspensions of fetal tissues during the latter part of pregnancy 
and at birth. While many of the mothers and fetuses die before or shortly after 
parturition, it has been possible to rear a considerable number of the offspring 
for varying periods. The suckling mice often present external signs or pathologic 
evidence of congenital toxoplasmosis in the early weeks of life. The present re- 
port traces the development of the infection in these surviving offspring  and 
discusses the experimental  conditions  under  which  transplacental  passage  is 
most likely to result in the birth of infected living young. A detailed description 
of the lesions in the young mice is given elsewhere  (4). 
EXPERIMENTAL 
For an account of the strains of Toxoplasma used,  the breeding of the animals, and the 
method of inducing vaginal infection, reference may be made'to the companion papers of the 
series. After the pregnant mice were infected they were kept in individual cages pending the 
birth of young.  In the earlier experiments the offspring were permitted to remain with the 
mother, but under these conditions it was difficult to rear the infants for more than a few days, 
since they were often neglected, killed, or eaten. In order to obtain offspring for exam~rlation 
at a  later period, and to rule out possible postnatal contact infection, the newborn young in 
later experiments were  transferred as soon as possible after birth to  the cage of a  normal 
newly delivered female to be fostered.  Conversely, the infants of the normal foster mother 
were placed under the care of the infected female and were examined at a  later date for evi- 
dence of cage-acquired or milk-borne infection. Since the majority of pregnancies which pro- 
* These studies were aided by grants from the William J. Matheson Commission and the 
National Mental Health Council, Federal Security Agency. 
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ceeded  to  the birth  of offspring terminated  in delivery unobserved during  the night,  the 
"switching" of fitters could not usually be effected until several hours after birth. By the use 
of foster mothers it became possible to make observations on young mice which had survived 
for a number of weeks, although even with this precaution part or all of many litters were lost 
as a result  of cannibalism. Moreover, as has been mentioned elsewhere, a large number of 
animals died near the end of pregnancy, or were expelled dead or as non-viable fetuses. There- 
fore, in order to augment the number of surviving infant mice available for examination, an ad- 
ditional 206 females were mated and infected. Almost all of these animals received 2 vaginal 
instillations of Toxoplasma  on the 8th and 9th day, respectively, whereas the initial series (1) 
had been infected at widely varying intervals following mating, ranging from 0 to 18 days. 
For this reason the majority of the offspring in the whole group were derived from mice first 
infected on the 8th day of gestation. The young animals were inspected frequently for signs 
of illness but were left otherwise undisturbed  until  they died or until it appeared  that they 
would succumb or be destroyed. All available offspring, both those found dead  and those 
finally sacrificed, were subjected to gross and microscopic examination  (4). 
The collected material was as follows:-- 
Number of mice mated and infected  602 
"  "  "  providing offspring  134 
Total  number of offspring available  717 
Offspring born dead, or dying on Ist day of llfe  243 
"  surviving for 1 to 78 days  474 
RESULTS 
Incidence of Congenital Toxoplasmosisr--The  following estimations of the in- 
cidence of congenital infection are based on the microscopic examination of aU 
the available offspring (4). Of the 717 young mice collected, 243 were stiU-bom, 
or were sacrificed or died on the day of birth because they were neglected or 
attacked by the mother. 474 of the offspring survived for periods ranging from 
1 to 78 days. In the entire group there were 91 young mice, belonging to 24 dif- 
ferent litters, which were found to have congenital toxoplasmosis on pathologic 
examination. This comparatively low over-all incidence of 12.7 per cent is, how- 
ever, weighted down because it includes (a) infants born of mothers themselves 
free of infection, (b) offspring examined in the early days of life before histologic 
evidences  of toxoplasmosis  had  sufficient  time  to develop,  and  (c)  offspring 
born of mothers which had been exposed to infection at a period of pregnancy 
unfavorable for transmission to the placenta and fetus; i.e., after the 9th day. 
Each of these categories will now be briefly reviewed. 
(a). Offspring Born  of Motkers Resistant  to Toxoplasmosis~--There  were  27 
ramifies  in which the mother failed  to show any manifest  signs or histologic 
evidence of having become infected following exposure to Toxoplasma by the 
vaginal route. All of the 166 infants to which they gave birth were found to be 
free of toxoplasmosis when examined microscopically at ages varying from less 
than 1 day to 58 days. Details as to the time of exposure of the mother and the 
number and age of the offspring, are given in Table I. There was, therefore, no 
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toxoplasmosis in the mother. Attention has already been called to a comparable 
result in the study of the placentas obtained from negative mothers (3). 
(b). Relation of Age of Offspring to the Appearance of Toxoplasmic Lesions.- 
Excluding from consideration the offspring of negative mothers, there remained 
107  litters, providing a  total of 551  young mice, in which the mothers were 
known by virtue of histologic study to have acquired toxoplasmosis as a result 
of exposure prior to the birth of the young. The character of the maternal le- 
sions is described in detail elsewhere (2). Table II lists these offspring according 
TABLE I 
Offspring of Mice Failing to Derdop Toxoplasmosis after Vaginal Instillation 
Time relative to conception at which  No.  of pregnant  Total No. of  Age of offspring  Microscopic ex- 
•  amination of  mother was exposed  to Toxoplo~rt~  mice  offspring  when examined  offspring 
8 wks. before 
Few hrs.  " 
2-3 days after 
12 
50 
8 
days 
11-22 
10-58 
19-28 
8; 8; 8; 8-9; 8-9; 8-10; 8-12; 
8-12 days after 
9-10 days after 
11-19 "  " 
12-13; 12-14; 12-14; 12-14; 
12-14 days after 
17-36 days after  1 
27 
50 
7 
4 
28 
7 
166 
4--33 
16-17 
<1 
< 1-2 
18 
Negative 
cg 
c~ 
to age at the time they died or were sacrificed for examination, without reference 
to the stage of gestation at which the mother had been infected. 
Reference to the table shows that no toxoplasmic lesions or Toxoplasma were 
encountered in tissue sections of mice examined in the early days of life. Mice 
autopsied shortly after birth, and during the course of the next 8 days, were 
invariably negative in  this respect. Specific histologic lesions and attendant 
parasites first appeared on the 9th day of life, and were found with considerable 
frequency thereafter, up to the 78th day, when the oldest survivors were sacri- 
ficed. In order to avoid a loss of material for microscopic examination as a result 
of cannibalism, most of the mice showing any external evidence of disease were 
sacrificed when relatively young; i.e.,  before the end of the 4th week. There 420  EXPEI~NTAL  CONGENITAL  TOXOPLASMOSIS  III. 
were, therefore,  relatively fewer instances  of congenital  toxoplasmosis among 
offspring examined in the 5th to llth weeks of life,  since these included a larger 
proportion of asymptomatic animals. 
(c). Relation of Congenital  Transmission to the Time at Which the Mother Was 
Infected.--The  time during pregnancy at which infection was induced in the 
mother was found to be the most important single factor governing transmis- 
sion of the disease to the offspring. Table III records the time relative to con- 
ception at which 107 pregnant mice were exposed to infection by the vaginal 
route. Only those pregnant animals which were subsequently proved by micro- 
scopic examination to have acquired toxoplasmosis as a result of such exposure 
are included. In the entire series there were 24 families in which 1 or more off- 
spring developed lesions of congenital toxoplasmosis. It is striking that all 24 of 
these litters were derived from mice which had received their first vaginal instil- 
lation or tampon in the limited period of 7 to 9 days after conception. 
TABLE II 
Offspring  of Infected  Mothers 
No.  of  offspring 
examined ........ 
No. having lesions 
of oongenital toy.o- 
plasmceis ........ 
Age ~t time  of autopsy, days 
2131-~  ~<11-891014111267~91314157~716177818)  41241211111816111[  8) 2)  20'2122  23 24 25 26 27 28 29 30-39~  40-49_~_$0-5960-69~.  70-7 
0  0  7  0  2  5  612  7  8  3  8  0  2  5  6  1  3  0  8  2  1  0  3  0  0  0  2 
To- 
tal 
91 
When the initial exposure was before the 7th day, relatively few pregnancies 
terminated in the birth of young able  to survive.  Thus, only 10 litters were 
obtained from mothers infected before the 7th day; i.e. from a few hours before, 
to 6 days after, conception.  The great majority of these infants died at, or 
shortly after birth, and none showed pathologic lesions. The difficulty  of secur- 
ing viable offspring when the mother was infected in this early phase of preg- 
nancy, is attributable in part to the frequent death of the mother prior to the 
natural completion  of gestation, and perhaps also to the greater opportunity 
for prolonged infection of the placenta. When, on the other hand, infection of the 
pregnant animal was delayed until 10 days or more after conception,  some of 
the offspring died in the early days of life, but many survived long enough to 
have manifested lesions of toxoplasmosis, had congenital transmission occurred. 
Table III shows, however, that among 23 litters (137 offspring) obtained from 
mothers first exposed on the 10th day or later, there were no instances of con- 
genital infection. The explanation for this result has already been suggested in 
the preceding paper (3) dealing with placental and fetal toxoplasmosis, where 
it has been indicated that, because of the interval of 9 to 11 days elapsing be- DAVID  COWEN  AND  ABNER  WOLF  421 
TABLE HI 
Incidence of Congenital Toxoplasmosis 
Tune  relative  to  conception  at 
which mother was exposed to 
Toxo#lasma 
First exposure  Range  of exposure 
0 day  Few hours be- 
fore concep- 
tion 
No. of 
litters--total 
1 
3rd day  3rd-Sth day  1 
5th day  5th-8th day  1 
6thday  7 
6th-7thday  6 
6th-10th day  1 
7thday 
7th-8th day 
7th-10th day 
7th-12th day 
7th-14th day 
7th-15th day 
10 
3 
3 
1 
1 
2 
58 
1 
37 
14 
4 
1 
1 
No. of litters 
with one or 
more infected 
offspring at 
autopsy 
1 
0 
1 
0 
0 
No.  Moff- 
spring--total 
i 
N  "off  I  No  of off-  O.  O!  -  ."  •  -~ "-- ~ da s  [ spring with  aprl~ 7  y  •  • .  llestons  of con- 
~v  J  plasmosls 
1  0  0 
3  0  0 
31  0  0 
26  0  0 
5  0  0 
53  10  10 
288 
4 
125 
8 
6 
0 
0 
8th day 
8th day 
8th--9th day 
8th-10th day 
8th-llth day 
8th-12th day 
8th-15th day 
19 
1 
1 
0 
0 
19 
18 
4 
4 
8 
7 
183 
63 
21 
6 
8 
75 
6 
0 
4 
0 
0 
143 
0 
72 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
9 
33 
1 
12th-13th day 
12th-14th day 
12th-15th day 
12th-24th day 
9 
1 
1 
6 
1 
0 
0 
20 
0 
9th day  6  1  33  15  6 
9th-10th day  3  1  17  9  6 
9th-llth day  3  0  16  6  0 
10th day  10th-llth day  6  0 
llth day  11th-14th day  0  0 
12th day  48  20  0 422  EXPERIMENTAL CONGENITAL TOXOPLASMOSIS m. 
TABLE III--Cordinued 
Time relative to conception at 
which mother was exposed to 
T~op~asm~ 
First exposure 
14th day 
15th day 
Range of exposure 
14th-18th day 
14th-19th day 
14th-20th day 
15th-17th day 
15th-18th day 
15th-19th day 
15th-20th day 
No. of 
liters--total 
4 
2 
I 
1 
5 
2 
1 
1 
1 
No. of off- 
spring 9 days 
old or more 
at autopsy 
No. of liters I 
k 
with one or I No ofo~ 
more infected ~  • '  f'. 
offspring at  sprmg--totea 
autopsy 
0  28 
0  12 
0  9 
0  7 
0  36 
0  11 
0  9 
0  8 
0  8 
0  6 
0  7 
24  551 
13 
5 
6 
2 
9 
0 
9 
0 
0 
No. of off- 
spring with 
lesions of co~ 
genital toxo- 
plasmosis 
0 
0 
0 
0 
0 
0 
0 
0 
0 
16th day  16th-18th day  !  6  0 
18th day  18Lh-39th  day  1  7  0 
Total.  107  234  91 
tween the onset of the vaginal infection and the passage of the parasite from the 
placenta into the fetus, opportunity for fetal infection does not arise when the 
mother is exposed after the 9th day, since the duration of pregnancy is ordinarily 
only 19 or 20 days. 
Further attention can now be directed to animals infected on the 7th to 9th 
day of pregnancy, the period at which the mothers of allpositive litters had been 
exposed. When it was recognized that  this was the critical time after which 
congenital transmission to the offspring might be expected to follow, the experi- 
ments  were limited  to  this  stage of pregnancy,  and  the  number of animals 
tested at this time, therefore, greatly exceeds those infected at other periods. 
In particular,  2 vaginal exposures on the 8th and 9th days were found to be 
most effective. 19 of the 24 mothers of offspring which later developed lesions 
of congenital toxoplasmosis had been so treated, the exception being 5 animals 
which had been exposed on the 7th and 8th, 7th to 12th, 8th to 10th, 8th to llth, 
and 9th and 10th days of pregnancy, respectively. These 19 females constituted 
slightly more than one-half of the total number of 37 infected at the 8 to 9 day 
stage.  In this group 72  (39.3  per cent)  of the  183  infants eventually showed 
typical lesions  of  congenital  toxoplasmosis.  Since  a  considerable  number  of 
these young mice were autopsied before the 9th day of life, i.e. before lesions in 
the nervous system and elsewhere make their appearance, the true incidence of 
congenital toxoplasmosis was no doubt considerably higher.  In Table III the 
number of offspring surviving to 9  days of age or more are separately listed. DAVID  COWEN  AND  ABNER  WOLF  423 
When only these survivors are counted, it is seen that over 54 per cent (1-~8) 
of the infants of mothers first exposed on the 7th, 8th, or 9th day had congenital 
toxoplasmosis, while over 57 per cent (1-~5) of the offspring were positive fol- 
lowing 2 successive exposures on the 8th and 9th days of pregnancy. This com- 
paratively high figure is in consonance with the high incidence of placental in- 
fection occurring under the same conditions. 
In recapitulation, the incidence of congenital toxoplasmosis as determined by 
pathologic examination of the offspring, may be tabulated as follows.'-- 
Over-all incidence  12.7 per cent /  ( 9~1117 
"  "  excluding offspring of uninfected mothers  16.5  "  "  (5~ 
) 
Incidence  among  offspring  9 days old or more at autopsy  38.8  "  "  ( 921 
) 
"  "  "  9  "  "  "  "  "  "andbornof 
mothers first exposed  on the 7th, 8th, or 9th day of pregnancy 
Incidence  among  offspring  9 days old or more at autopsy  and born 
of mothers exposed twice, on the 8th and 9th days of preg- 
nancy, respectively 
Number of Offspring Infected in Individual Families.--As a result of neglect or 
cannibalism by the mother, the number of young in most litters was appreciably 
reduced during the first few weeks after birth (Table IV). Inasmuch as lesions 
of congenital toxoplasmosis did not appear until the 9th day at the earliest, the 
proportion of infected infants in litters as of the time of birth could not be 
exactly determined by pathologic examination of the survivors. Nevertheless, 
the fraction of congenitally infected young in most families, based on micro- 
scopic study of offspring 9 days old or more, was relatively high. Of the 24 
"positive" families available, there were 10 in which every surviving member, 
6 in which all except 1, and 4 in which at least half of the offspring  had congenital 
toxoplasmosis. In the remaining 4 families less than one-half were found to be 
infected. Considered as a single group these 24 families included 199 individuals 
at birth, 91  of which were later shown to have congenital toxoplasmosis, an 
intrafamily incidence of 45.7 per cent. It is highly probable, however, that many 
of the offspring lost or dead before the 9th day were also infected and that the 
true incidence of toxoplasmosis in these families was  therefore considerably 
higher. If only the 125 infants which lived to the age of 9 days or more are in- 
91 
cluded in the estimation, the rate of infection was~,  or 72.8 per cent. It seems 
reasonable to conclude, then, that when conditions were favorable for congenital 424  EXPERIMENTAL CONGENITAL TOXOPLASMOSIS rfr. 
transmission of toxoplasmosis to the offspring, the great majority of the mem- 
bers of each family were usually affected, while only occasionally was the disease 
limited to a  few individuals. 
TABLE IV 
Incidence of  Toxoplasmosis in  Congenitally Infected Families 
No. of family 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
No, of offspring 
at birth 
9 
6 
5 
9 
9 
9 
9 
L  9 
7 
8 
8 
4 
8 
10 
6 
12 
9 
12 
10 
5 
9 
11 
5 
10 
Final No. of off- 
spring available 
4 
4 
1 
3 
9 
8 
5 
3 
7 
5 
4 
4 
8 
10 
6 
6 
6 
9 
9 
4 
9 
8 
2 
5 
No. 9 days old 
or more at time 
of autopsy 
4 
4 
1 
3 
9 
6 
.5 
3 
7 
5 
4 
4 
8 
10 
6 
6 
4 
7 
7 
4 
8 
4 
2 
4 
199  139  125 
No. having 
lesions of eongeni- 
tat toxoplasmosls 
4 
1 
1 
2 
6 
6 
4 
3 
6 
5 
3 
4 
5 
5 
6 
5 
4 
5 
1 
4 
8 
1 
1 
1 
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Development and Behavior of Offspring:--No mafformations or other abnor- 
malities were noted in the newborn offspring. Attention has already been called 
to the relatively large number of young born dead, or dying soon after birth, 
and to the progressive decrease in the size of most litters during the succeeding 
2 weeks. These early losses were not restricted to families in which congenital 
toxoplasmosis occurred, and they seemed to be in excess of those encountered in 
untreated control mice reared under the same conditions. They were probably 
attributable in part to dystocia and to postpartum neglect of the young by the 
infected parent,  but  they  also  occurred  in  families reared  by  normal  foster 
mothers. DAVID  COWEN  AND  ABNER  WOI~  425 
In the families having congenital toxoplasmosis (and excluding offspring lost 
in the early days of life) there were at first no disturbances of behavior or de- 
velopment which might betray the presence of infection. Toward the end of the 
2nd week, and during the 3rd and 4th weeks, a few of the young mice were 
noted to be underweight and smaller  than their litter mates. The subnormal 
mice varied from frank runts to those which were only questionably under- 
sized. Some of the offspring began at this time to become sluggish and less re- 
sponsive  to stimulation. They appeared to be weak, tremulous,  or unsteady, 
and now and then tended to drag or sprawl the extremities.  These symptoms 
were often exaggerated after rapid artificial rotation. In some cases the fur was 
sparse and dull. Jaundice was not noted. The eyes opened at the expected time. 
The abnormalities observed  could  not be  considered  characteristic of toxo- 
plasmosis per se, and were such as might be seen in any chronically ill or mal- 
nourished young animals. Indeed, some of the disabilities may have been caused 
by associated non-toxoplasmic hepatic lesions which were observed in many of 
the infected mice (4). In the 24 congenitally infected families there were 125 
offspring which lived long enough to make observations of growth and external 
signs possible. 17 of the young mice died and 17 had to be killed because the 
manifestations of infection made it evident that they would not survive. Neural 
and other lesions of toxoplasmosis were found in 32 of these 34 "symptomatic" 
animals. In another group of 18 young  having only doubtful or minor symptoms, 
and described as being "slightly  undersized," "slightly slowed-up," etc., specific 
lesions were demonstrated in 16. The remaining 73 offspring developed normally 
and remained entirely symptom-free during a period of observation ranging up 
to 78 days. Pathologic examination of these "normal" mice, however, revealed 
the presence of toxoplasmosis in 43 instances,  and in some of these the lesions 
were extensive and severe. In summary, then, it can be said that in congenitally 
infected families, only a minority of the offspring which survived the hazards 
of birth and the first few days of life, later showed significant signs of disease or 
died. While characteristic pathologic changes were almost invariably present in 
such animals,  a  majority of the young which  remained asymptomatic also 
proved to have typical lesions. 
Absence of Milk-Borne  and Cage-Contact Infeclion.--Many  of the females 
which had been infected by way of the vagina during pregnancy were separated 
from their own offspring soon after birth in order that the latter might be cared 
for by a normal foster mother. The inoculated female was, in turn, allowed to 
rear the young of a normal female which had delivered at about the same time. 
In most instances the inoculated female became ill, and neglected or destroyed 
the litter of normal infants before many days had passed. There were, however, 
8 infected mothers which survived and cared for the adopted normal sucklings 
from birth to ages ranging from 10 to 74 days. 39 of these infants were secured 
for microscopic examination and none showed any evidence of having acquired 426  EXPERIMENTAL  CONGENITAL  TOXOPLASMOSIS  HI. 
toxoplasmosis by nursing or as a result  of close  contact with the infected  foster 
parent. Conversely, normal females which were used to rear the young of mice 
infected during pregnancy, showed no indication  on postmortem examination, 
of having acquired toxoplasmosis from the offspring.  13 of these normal foster 
mothers had raised  litters  with histologically  verified  congenital toxoplasmosis. 
DISCUSSION 
The absence of congenital defects in the newborn mice suggests that when 
pregnancy was not interrupted, active toxoplasmosis in the mother, and the 
passage of Toxopla~z into the fetal circulation late in gestation, were com- 
patible with normal fetal development. Morphological evidence of disease in 
the offspring did not appear until the ninth and subsequent days of life when 
typical inflammatory and degenerative lesions began to develop due to the en- 
try of Tozoplasma into the tissues from the blood stream. Congenital infection 
in these experiments occurred only in offspring whose mothers were first ex- 
posed to ToxopIasma in the limited interval of 7 to 9 days after conception. The 
highest incidence followed 2 successive vaginal instillations on the 8th and 9th 
day of pregnancy, but even under these optimal conditions there were many 
failures due to maternal, fetal, or neonatal death. When vaginal infection was 
induced before the 7th day, typical placental lesions developed, but it was not 
usually possible to obtain viable offspring because the mother gave birth to 
dead litters, was unable to expel the fetuses, or died of disseminated toxoplas- 
mosis before or during delivery. On the other hand, because of the compara- 
tively short period of gestation in the mouse, animals exposed on or after the 
10th day usually delivered normal young on the 19th or 20th day, before there 
was time for the parasites to pass from the vagina to the placenta and to the 
fetal circulation. 
It is probably not correct to assume from conditions in the mouse, that a 
maternal parasitemia must occur within comparably narrow time limits in order 
to produce fetal infection in man. Some of the human infants have well es- 
tablished  toxoplasmic lesions at  the  time of birth  (5-8),  and in  such cases 
transplacental passage must take place some days or weeks before the end of 
pregnancy. Certain of these congenitally infected infants have been born pre- 
maturely (7, 9), indicating that transmission to the fetus may, at times, occur 
well before the 9th month. In other cases, clinical symptoms of infantile toxo- 
plasmosis are delayed or are not recognized until several days or weeks post- 
partum  (10-15).  It is not necessary to postulate that infection in all these 
infants has its inception in the postnatal period, since, as in the mouse, Toxo- 
t~lasma may have entered the fetal circulation shortly before birth without 
becoming localized in the tissues or producing pathologic changes or symptoms 
until a  later date.  Of considerable interest were  those congenitally infected 
mice which survived for long periods with few or no outward manifestations of DAVID  COWEN  AND  ABNER  WOLF  427 
the disease.  Analogous instances of subclinical  congenital toxoplasmosis may 
also occur in the human being and escape recognition unless a later event such 
as visual impairment, convulsive seizures, or hydrocephalus directs attention to 
the need for more detailed clinical and serological  examination. 
The possible role of the vagina as a site of primary infection in human con- 
genital toxoplasmosis has been discussed elsewhere (1). It may be reemphasized 
here that its importance cannot be evaluated on the basis of animal experiments 
alone. The ready susceptibility of the vaginal mucosa in the pregnant mouse, 
and the constancy with which vascular spread occurs from this site only sug- 
gest, but do not prove, that similar conditions may obtain in man. However, 
any portal of entry, vaginal, gastrointestinal, or otherwise, capable of producing 
a maternal parasitemia, might be expected to lead to the same result. Indeed, 
in the experimental animal various methods of infection may be effective. By 
the intraperitoneal  injection of Toxoplasma into  7 pregnant  mice,  Manwcll, 
Coulston, Binckley, and Jones (16) obtained dead Toxoplasma-infected fetuses 
from 4 out of 5 animals which had succumbed before delivery, while in 2 litters 
born alive, infection was not present. Adams, Cooney, Adams, and Kablcr (17) 
inoculated 3 pregnant guinea pigs subcutaneously with Toxoplasrtm-containing 
peritoneal exudate. Offspring from2 of the animals which were reared by their 
respective mothers for about 10 days were found to contain Toxoplasma on 
inoculation into mice or in stained imprints of body tissues.  In the 3rd guinea 
pig, imprints of tissues of 2 fetuses removed by cesarean section showed Toxo- 
plasma, and parasites were recovered from a 3rd offspring which died at the age 
of 7 days. Microorganisms could not be found in histologic sections of tissue in 
either the fetal or infant guinea pigs. Both of these experiments were in a sense 
"unnatural"  since  they involved direct intraperitoneal  and subcutaneous in- 
jection of the pregnant animal. The mechanism of fetal infection was not in- 
vestigated. 
Of particular interest and importance are the recent observations of Eichen- 
wald (18), who has been able to produce milk-borne and congenital toxoplasmo- 
sis in mice by feeding partly starved pregnant animals with parasitized tissue. 
Of 25 offspring  born of infected mothers and nursed by healthy mice to pre- 
clude transmission by the milk, 9 showed evidence of having been infected be- 
fore birth. In the vaginal experiments described here, the possibility that the 
offspring may have acquired toxoplasmosis v/a the milk of the infected mother, 
rather  than  transplacentally,  can be excluded for the following  reasons.  (a) 
Test inoculations showed the parasite to be capable of entering the placenta 
and fetus before birth  (3).  (b) Most of the litters were removed from contact 
with  the infected parent  soon after birth and were nursed by normal foster 
mothers.  (c) Normal sucklings,  placed at birth with lactating mice which had 
been infected during pregnancy by the vaginal  route,  did not acquire  toxo- 
plasmosis.  This disparity with the results in Eichenwald's orally infected preg- 428  EXPERIMENTAL  CONGENITAL  TOXOPLASMOSIS  IIl. 
nant mice is probably ascribable to differences  in the affinities  of the Toxo- 
plasma employed. He used a strongly "viscerotropic" strain which was readily 
infective on ingestion,  whereas in the vaginal experiments the parasites had 
been maintained for many years by brain to brain transfer, produced predomi- 
nantly neural lesions, and were rarely infective when administered orally, even 
for prolonged periods (19).  (d) If transmission via the milk had occurred, the 
precise period during pregnancy at which infection was induced in the mother 
would appear to be of little significance. In the present experiments, for reasons 
already discussed,  only animals exposed 7 to 9 days after conception delivered 
viable congenitally infected young, while toxoplasmosis did not occur in litters 
born of mothers infected after the 9th day. 
SU~M.ARY 
A study has been made of congenital toxoplasmosis in the offspring of mice 
infected with Toxoplas~ by the vaginal route during pregnancy. Some of the 
young mice were retarded in postnatal development, and some became ill or 
died in the 2nd to 4th weeks of life while the majority remained symptom-free 
in spite of the presence of toxoplasmic lesions of varying degrees  of severity. 
Congenital toxoplasmosis developed only in offspring whose mothers had been 
infected on the 7th to 9th day of pregnancy. Infection of the offspring without 
active toxoplasmosis in the mother was not observed. The highest incidence  of 
congenital infection (57.6 per cent) was obtained by giving  2 vaginal instilla- 
tions of Toxoplasma-infected mouse brain on the 8th and 9th days of pregnancy. 
Mice infected before the 7th day developed placental toxoplasmosis but rarely 
delivered viable young. When the mother was infected after the 9th day, the 
offspring were normal. When congenital toxoplasmosis occurred in a  litter,  a 
majority or all of the individual offspring were usually infected. Although patho- 
logic changes were not present in the suckling mice at birth, and did not appear 
before the 9th postnatal day, reasons are stated for excluding  the possibility of 
postnatal contact or milk-borne infection.  It cannot be assumed from the ex- 
perimental disease that the vagina is a portal of entry of Toxoplas~r~ in human 
congenital toxoplasmosis.  Any route of infection leading to a maternal parasi- 
temia  during  pregnancy might  result  in  toxoplasmosis of the placenta  and 
transmission of the disease to the offspring before birth. Unlike the restricted 
time interval effective in the mouse, there is a  long period during  the later 
months of pregnancy in the human being in which transplacental passage of the 
infection may occur. When transmission to the fetus takes place shortly before 
parturition, evidence of disease in the human infant, as in the mouse, may not 
become manifest until several weeks postpartum, and the prenatal origin of the 
infection may not be apparent. When the fetus becomes infected well before 
parturition, symptoms of congenital toxoplasmosis may be present at birth. The 
asymptomatic character of the infection in many of the young mice would ap- DAVID COWEN AND ABNER WOLF  429 
pear to have a  counterpart in certain instances of human congenital toxoplas- 
mosis. 
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